In 1981, NIOSH began investigating the potential reproductive health effects resulting from exposures to a class of organic solvents known generically as glycol ethers (GE). This research was begun as a result of the NIOSH criteria document development program which revealed little data available on the health effects of glycol ether exposure. Ibxicologic research was begun by NIOSH and other researchers which suggested substantial reproductive effects in animals. These animal data motivated a study of human exposures in the occupational setting. In 1981 and 1982 NIOSH conducted several walk-through surveys which included preliminary measurements of exposures in a variety of industries including painting trades, coal mining, production blending and distribution facilities, aircraft fueling, and communications equipment repair facilities. The human exposure data from these surveys is summarized in this paper with most results well below 1 parts per million (ppm) and only a few values approaching 10 ppm. Blood samples were collected at one site resulting in GE concentrations below the limit of detection.
Introduction
The Industrywide Studies Branch (IWSB), of NIOSH's Division of Surveillance, Health Hazard Evaluations and Field Studies (DSHEFS), is specifically charged under the OSHA Act of 1970 to perform epidemiological and industrial hygiene studies of broad groups of workers in industries with potentially hazardous exposures. This branch has completed a number of important investigations under this mandate including studies of exposures to benzene, asbestos, ionizing radiation, vinyl chloride, and carbon disulfide, to name a few. Most of these earlier studies were devoted to suspected carcinogens and sometimes included a search for a relationship between air sampling data and measures of carcinogenic potential such as the Ames Mutagenicity Assay (in urine samples).
More recently, NIOSH has directed research studies toward potential reproductive toxins. Currently, IWSB is studying exposures to ethylene dibromide and radiofrequency radiation both of which are suspected of producing adverse reproductive effects. The study of the reproductive effects of glycol ethers arose as a result of the NIOSH criteria document development program. In reviewing chemicals for study, few data were available on the health effects of glycol ethers. Toxicological *Industrial Hygiene Section, Industrywide Studies Branch, Division of Surveillance, Hazard Evaluations and Field Studies, National Institute for Occupational Safety and Health, Cincinnati, OH 45226. research was begun by the NIOSH Division of Biomedical and Behavioral Science (DBBS). At about the same time, an IWSB search was begun for an exposed cohort of workers with sufficient exposures to the glycol ethers for a possible reproductive epidemiological study.
The objectives of this search included the identification of an adequate number of workers for a study which could lead to a conclusion regarding the relationship between exposure and reproductive impairment. This objective was complex, since human effects were basically unknown, and an element of the research was the prospective identification of effects which might befall a population with sufficient exposure. Implicit in this problem is the question "What exposure concentration is sufficient to produce effects in humans"? Since the answer to this question was unknown, the field research was primarily structured as an extent Since air sampling in previous surveys revealed extremely low breathing zone concentrations, biological sampling was attempted in this survey. Research by Nakaaki (6) has suggested that glycol ethers can be detected in blood after exposure of the liquid on the skin. While the reported research investigated skin absorption of 2-methoxyethanol, NIOSH scientists felt similar analysis was applicable for 2-ethoxyethanol. For this survey, blood samples were drawn late in the day in order to reflect exposure from a total shift. The results of analysis of the blood samples indicated all values below the limit of detection (less than 5 jig of 2-ethoxyethanol/mL of blood).
The personal breathing zone samples revealed concentrations of 2-ethoxyethanol ranging from 0.18 to 0.58 ppm. These values, as with all IWSB breathing zone results for glycol ethers, were well below OSHAs PEL and ACGIH TLV (existing or intended changes). These results, coupled with the biological sampling results, suggested that this work environment was not a likely site for study of human effects of exposure to glycol ethers. This conclusion was disappointing, since a large population of workers performs similar operations throughout the United States at the company's other facilities.
As noted earlier, other IWSB studies included limited (7) . The principal intent of these studies was the investigation of potential human reproductive effects due to exposure to RF radiation. Since glycol ethers manifest reproductive effects in humans, a quantitation of these chemicals was deemed prudent in order to rule out potential confounding effects of exposure to chemical teratogens. The principal glycol ethers used in this operation were 2-butoxyethanol and 2-butoxyethyl acetate. The highest exposures to these chemicals were 1.4 ppm and 0.75 ppm, respectively. These results are in a similar magnitude of exposures measured in other settings and did not indicate a sufficiently high level to confound potential effects due to exposure to nonionizing radiation.
NIOSH has conducted health hazard evaluations (HHE) of industries where exposure to glycol ethers were investigated. These studies were typically in response to worker complaints and did not involve large numbers of samples nor an assessment of the appropriateness of the exposed group of workers for a follow-up reproductive epidemiology study Some of the exposures in these surveys, however, ranged up to 10 ppm. Interested readers may request copies of reports of these studies from NIOSH's Hazard Evaluation and Technical Assistance Branch (HETAB) within DSHEFS.
Conclusions
These field studies corroborate that glycol ethers are widely used in U.S. industries. Typically, the concentration of glycol ether in the finished product is very low, and, because of this and the low volatility of these chemicals, breathing zone measurements are extremely low.
Breathing zone monitoring of airborne glycol ether exposures, by itself, is an unsatisfactory method for estimating worker exposure. Since the glycol ethers are relatively nonvolatile, the likelihood of inhalation as a major route of entry into the body is small. Skin absorption is a recognized route of entry, but no satisfactory methods for estimating body burden have been established.
The search for a biological monitoring method for glycol ethers is continuing. It is evident that these chemicals will be present in the blood of workers who are exposed. However, the low exposures result in similarly low blood levels which are below the limit of detection of currently available instrumentation. Metabolites of glycol ethers in urine are still elusive. There is some promise that such metabolites will be identified, but other chemicals (e.g., certain pharmaceuticals) which may result in similar metabolites must be ruled out before urine monitoring will be feasible. The most promising industrial setting for a study of glycol ether exposures appears to be the telephone repair industry. In this industry, glycol ethers are used as pure compounds with relatively little control (e.g., ventilation, gloves) of possible exposure. In the absence of a biological monitoring method which is effective at these low exposure levels, a quantification of worker exposure appears infeasible at this time.
The NIOSH Industrywide Study Branch is remaining alert to possible additional sites for surveys or for promising biological monitoring methods. If either sites or methods look promising, additional field studies will be undertaken. It is hoped that these studies will identify sufficient exposure to undertake a reproductive health study. The results of such a survey may ultimately provide an answer to the question of reproductive health impact due to exposure to glycol ethers.
